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EXPERIMENTAL NON-PARALYTIC POLIOMYELITIS: 
FREQUENCY, AND RANGE OF PATHOLOGICAL 
INVOLVEMENT! 


DAVID BODIAN anp HOWARD A. HOWE 


Poliomyelitis Research Center, Department of Epidemiology, Johns Hopkins University 


Variation in degree of pathological involvement of the brain and 
spinal cord is a well known characteristic of paralytic poliomyelitis. 
An even greater variation in this respect was shown to occur in non- 
paralytic poliomyelitis in experimental animals (Bodian and Howe, 
’41; Howe and Bodian, 42). It was then found that in such infections 
of rhesus monkeys almost every degree of severity and spread of patho- 
logical change could occur, from isolated involvement of the olfactory 
bulbs after intranasal inoculation to the full-blown pathological picture 
usually seen in paralytic cases in the brain and spinal cord. Absence 
of paralysis was due not only to absence of lesions in the spinal cord 
but also at times to the fact that moderately severe lesions in the cord 
were so scattered that no muscle or muscle group was weakened to a 
clinically appreciable degree (also Kling, Olin, Magnusson, and Gard, 
’39; and Sabin and Ward, ’41). 

Our enlarging experience with rhesus monkeys has not only made 
possible a more extended documentation of earlier findings, but has 
also given evidence concerning the approximate frequency of non- 
paralytic and inapparent infections, and has indicated that such in- 
fections may occur about as often after inoculation by the intracere- 
bral route as by peripheral portals. Although until recently all of our 
non-paralytic infections in rhesus monkeys have been induced by inocu- 
lation of fresh human material into peripheral portals, it did not seem 
unlikely that they could also occur following intracerebral inocula- 
tions, especially when low titer inocula were used (Sabin and Ward, 
41). For this reason a series of 37 monkeys inoculated intracerebrally 
with material from throat swabs of poliomyelitic patients were exam- 
ined histopathologically to make certain that non-paralytic poliomyeli- 

! Aided by a grant from The National Foundation for Infantile Paralysis, Inc. 

*5 cases intranasal human stool; 7 cases intranasal chimpanzee stool; 1 case 
intracutaneous cord suspension, Wallingford strain (Trask and Paul, ’36); 1 case 
intranasal cord suspension, Lansing strain. 
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tis was not missed, as well as to confirm the clinical diagnosis of polio- 
myelitis in the paralytic monkeys. The general analysis of the throat 
swab assays has been made elsewhere (Howe, Wenner, Bodian, and 
Maxcy, ’44; Howe, Bodian and Wenner, ’44). The purpose of this 
report is to present a comprehensive survey of the pathological findings 
in a large and homogeneous series of monkeys inoculated intracere- 
brally with small amounts of presumably low titer human material, 
and to summarize our entire experience with non-paralytic infections 
in rhesus monkeys. 
FREQUENCY OF NON-PARALYTIC INFECTIONS 

It was a matter of some interest to find that the frequency of non- 
paralytic infections in our intracerebral series was about the same as 
that of non-paralytic infections in animals inoculated intranasally 
with human stools. Thus, of all rhesus monkeys inoculated intra- 
nasally with human stool suspensions from single cases, 45 have suf- 
fered paralysis, and there have been 5 non-paralytic infections, 
diagnosed histopathologically. A comparable frequency was found 
in rhesus monkeys used to assay chimpanzee stools for virus by intra- 
nasal inoculation. Of 50 positives in our total experience, 43 were 
paralyzed and 7 suffered non-paralytic infection. In our series of 
intrathalamic inoculations with material from human throat swabs 
obtained from single cases (total of 37), there have been 9 paralytic 
monkeys, and one which suffered a non-paralytic infection. These 
results leave no doubt that a histopathological examination of monkeys 
inoculated with low titer virus, and which do not develop paralysis, is 
of considerable value, since the positives can thereby be increased by 
approximately 10%. 

It cannot be assumed, however, that this ratio of paralytic to non- 
paralytic infections in rhesus monkeys is necessarily similar to that 
which occurs in other species of experimental animals or in natural 
infections in man. Our chimpanzee experience, for example, suggests 
that a higher proportion of non-paralytic infections occurs in this 
species, especially when the alimentary tract has been used as the 
portal of inoculation. This experience will be presented in detail in a 
separate report. 
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EXPERIMENTAL NON-PARALYTIC POLIOMYELITIS 


RANGE OF PATHOLOGICAL INVOLVEMENT 


After intranasal inoculation the existence of non-paralytic infection 
can be determined by examination of serial sections of the olfactory 
bulbs alone (Bodian and Howe, ’41). Animals are killed one month 
after inoculation. For animals inoculated by other routes serial 
sections of blocks taken from the medulla oblongata in the region of the 
fourth ventricle, and from the cervical and lumbar enlargements of the 
spinal cord are examined. Single blocks about 7 mm. long from each 
of these regions are adequate ordinarily, but in rare instances lesions 
may be scattered or absent in the regions chosen, and additional blocks 
must be cut to establish the diagnosis. It is our custom to section 
additional cord blocks and the entire brain in certain doubtful in- 
stances, since a diagnosis of poliomyelitis can be made with certainty 
when the characteristic distribution of lesions is found in brain centers 
(Bodian and Howe, ’40). In some instances, however, lesions con- 
sisting of focal and perivascular lymphocytic infiltrations may be few 
in number in the brain and of much greater intensity in localized seg- 
ments of the cord, accompanied by evidence of neuronophagia in the 
latter regions. 

Findings in Positive Cases. All of the monkeys which became para- 
lyzed after intracerebral inoculation with material from human pharyn- 
geal swabs showed typical infiltrative and neuronal lesions in the spinal 
cord, of moderate to severe intensity, and a characteristic distribution 
of lesions in the brain. The one case of non-paralytic infection (A789) 
showed a histopathological picture quite similar to that seen in the 
paralytic monkeys (Table I, Plates 1 and 2). Absence of paralysis 
was due only to the scattered distribution of the lesions in the cord, 
as explained elsewhere (Sabin and Ward, ’41; Bodian and Howe, ’41). 
A comparison of this type of non-paralytic infection with others which 
have occurred in our experience is instructive. Table I shows the 
distribution of lesions in the cerebrospinal axis from the olfactory bulbs 
to the spinal cord, in centers most commonly involved in poliomyelitis. 
As is seen in this table, the distribution of lesions along the cerebro- 
spinal axis may vary exceedingly, both in monkeys with, as well as 
in those without, paralysis. In monkeys which developed paralysis 
after intracerebral or intranasal inoculation, as seen in the examples 
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EXPERIMENTAL NON-PARALYTIC POLIOMYELITIS 


shown in the first four columns of Table I, extensive and severe patho- 
logical reaction may be found in the brain as well as in the spinal cord 
(Columns 1 and 3), or the cerebral involvement may be quite light 
(Columns 2 and 4). Rhesus A692 is especially striking in showing 
minimal cerebral pathological reaction (Table I). In either event the 
lesions are restricted to certain centers of the brain in a pattern pre- 
viously shown to be characteristic of this disease (Bodian and Howe, 
40). The intranasal cases are readily distinguished from those in- 
oculated intracerebrally by the presence of lesions in olfactory bulbs 
and secondary olfactory centers. It is remarkable that in the monkey 
which showed no paralysis after intracerebral inoculation (A789, 
column 5) the lesions in the brain are more extensive and numerous 
than in some monkeys which did develop paralysis (A819 and A692), 
and in which cerebral lesions are few in number, and absent in some 
centers where lesions are ordinarily found. To the fact that absence 
of paralysis does not necessarily mean absence of spinal cord lesions 
one may now add the fact that the cerebral lesions in paralyzed mon- 
keys may be much less severe and extensive than in certain monkeys 
which show no paralysis. 

The remaining non-paralytic cases shown in Table I illustrate in 
greater detail our earlier finding that arrest of downward spread of the 
pathological process may occur at any point in the cerebrospinal axis 
after intranasal inoculation. The first four intranasal non-paralytic 
cases (A172, A254, A503, A531) shown in the table exhibit the full- 
blown distribution of lesions from olfactory bulbs to spinal cord. A 
distribution such as this is seen in paralytic cases. The last three 
cases in the table (A835, A146, A804) had typical lesions only in the 
olfactory bulbs. The intermediate cases were found to have varying 
degrees of extension of pathological reaction down the brain stem from 
the olfactory bulbs, but no lesions in the spinal cord. 

This series of cases may be summarized by the statement that the 
distribution as well as the severity of the cerebrospinal pathological 
involvement in poliomyelitis in rhesus monkeys varies widely within 
the limits imposed by naturally refractory centers. Lesions may be 
limited to the region of the portal of entry, or may be found throughout 
all the susceptible nerve centers, or may be intermediate in extent of 
distribution. If the extent of pathological reaction is a factor in de- 
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termining the degree of subsequent resistance to reinoculation, it must 
be supposed that considerable quantitative differences in such re- 
sistance are to be expected following non-paralytic as well as paralytic 
infections. It is of interest to compare our cases of non-paralytic 
poliomyelitis in rhesus monkeys to the four cases of non-paralytic 
poliomyelitis in cynomolgus monkeys (Macaca irus) described by 
Faber, Silverberg, and Dong (’43). These workers similarly found 
variability in degree of severity of lesions, but attributed the arrest 
of the downward progression of the pathological process from the site 
of intracerebral inoculation to previous repeated exposures of mucous 
surfaces to virus, with resulting partial refractoriness. Since our 
series of monkeys showing non-paralytic poliomyelitis had no such 
exposures to virus, but frequently exhibited the phenomenon of early 
arrest after intranasal inoculation, one must wonder whether their 
monkeys also were exhibiting a refractoriness unrelated to specific 
antigenic immunity processes. This must especially be considered 
since the cynomolgus monkeys in question had been selected because 
they had resisted previous inoculations. Moreover, the lesions de- 
scribed in their cases might be attributable to any one of the many 
peripheral inoculatiéns which preceded the final intracerebral inocula- 
tion, since chronic lesions of poliomyelitis may persist for many months 
after the acute infection has subsided (Warburg, ’31). 

Confirmation of axonal spread as a factor in the distribution of lesions 
in the brain. A remarkable feature of the histopathological picture 
in case A789 was the presence of numerous typical focal and peri- 
vascular lesions in the left hippocampus and adjacent subiculum (Plate 
II, fig. 1). This region is rarely involved in human cases or in paralytic 
experimental animals inoculated by various portals (Bodian and Howe, 
40). Occasional lesions found in the hippocampus, however, have 
suggested that this center is not absolutely refractory to poliomyelitis 
virus action, as is for example the visual cortex (area 17), but is rarely 
involved because of relative inaccessibility with respect to axonal 
connections with centers usually invaded. This explanation for the 
sparing of centers which are not inherently refractory to virus has 
received evidence from other sources (Bodian and Howe, ’40) but con- 
firmation of this concept is perhaps most striking in case A789. An 
explanation for the lesions in the left hippocampus was readily found 
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EXPERIMENTAL NON-PARALYTIC POLIOMYELITIS 7 


in the fact that the inoculating needle had penetrated the left fornix 
in the transverse fissure before entering the left thalamus (Plate I, 
fig. 2). Tie needle did not extend deeper than the dorsal thalamus, 
and so had not anywhere touched the hippocampus. Since most of 
the inoculum was placed in the thalamus, only traces of virus from the 
inoculum could presumably have contaminated the fornix fibers along 
the needle track. The virus then must have passed back along the 
fornix to invade the hippocampus. Lesions were found only in the 
layers of the cornu Ammonis and in the subiculum, but not in the 
gyrus dentatus or the neighboring pyriform cortex. This indicates 
that virus passed in retrograde direction along axons of the fornix to 
invade their cells of origin in the cornu Ammonis (see also Bodian and 
Howe, 41a). The ipsilateral mamillary nuclei also contained lesions. 
The right inoculum had not impinged on the fornix, and no lesions 
were found in the hippocampus or mammillary body on this side 
(Plate II, fig. 2). 

Findings in Negative Cases: Pathological Diagnostic Criteria. In 
addition to the ten monkeys inoculated with human throat swab 
material and which proved to be positive, 23 others were examined 
histologically, in the manner described above. Of these animals five 
had had fever of at least 1°F. about one week after inoculation. This 
is to be contrasted with the ten positive animals, eight of which had 
had fever of at least 1°F. during the first week after inoculation. In 
seven of the 23 negative instances examined, no lesions of any kind 
were observed in the brain or spinal cord. The other 16 monkeys 
presented pathological changes which were not sufficient to warrant a 
critical diagnosis of poliomyelitis or any other disease, but which re- 
quire comment, since they have been at times interpreted as significant 
(Kling, 40). These changes consist of true perivascular infiltrations 
of mononuclear cells around occasional vessels in the pia mater of the 
brain and spinal cord (Plate III). In a few cases similar cuffed vessels 
were also found underlying the ependyma of the third and fourth 
ventricles (Plates III and IV), but in no other part of the parenchyma 
of the central nervous system. The subependymal cuffing is asso- 
ciated in these cases almost invariably with the penetration of the in- 
oculum into one of the ventricles (Plate ITI, fig. 5). One then usually 
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finds a reaction of the ependyma and subependymal tissues, with 
epithelial debris present as far back as the fourth ventricle (Plate IV). 
Although Kling has interpreted such changes as characteristic of non- 
paralytic poliomyelitis, it is our belief that they represent a mild 
non-specific inflammatory reaction to the intracerebral inoculation, 
or to non-viral components of the inoculum. Hurst (’32) found, in this 
connection, that a definite meningitis was provoked by the intrathecal 
inoculation of sterile normal cord. 

In monkeys inoculated by routes other than the intracerebral, peri- 
vascular infiltrations in the meninges as the sole pathological changes 
are rarely found in our experience, and are insignificant when present. 
In addition to these non-specific changes, it may be added, confusion 
may be caused by non-specific glial accumulations under the ependyma 
of the brain ventricles, and by the misinterpretation of clumps of 
leucocytes in the lumen of vessels as perivascular infiltration, as seems 
to have been the case in the figures published by Kling, Olin, Gard, 
and Norlin (’39, quoted from Kling, 40). 

Cord passage was attempted in seven of the sixteen monkeys which 
presented meningeal perivascular infiltration and subependymal cuff- 
ing as the sole pathological findings in the brain and cord. 0.8 cc. 
of 20% suspension of lumbar and cervical cord enlargements was 
inoculated into the thalamus of two normal rhesus monkeys in each 
of the seven cases. None of the inoculated monkeys subsequently 
showed any signs of poliomyelitis. A similar experience has been 
reported by Sabin and Ward (’41), who failed to obtain virus from 
nervous tissues of monkeys exhibiting only meningeal and subepen- 
dymal infiltrations. 

In short, we feel that the pathological diagnosis of poliomyelitis can 
be made only by the finding of typical parenchymal lesions in the cord, 
including neuronal necrosis and neuronophagia, and focal and peri- 
vascular infiltrations, or by the finding of similar infiltrative lesions 
distributed in characteristic fashion in the brain, as previously de- 
scribed (Bodian and Howe, ’40). Such findings are more reliable for 
diagnosis of non-paralytic infection than are clinical criteria, espe- 
cially since many infections are clinically inapparent. 
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with f SUMMARY 
IV). 1. Of 37 monkeys inoculated intracerebrally with material from 
—_ pharyngeal swabs of poliomyelitis patients in Chicago and New Haven 
mild in 1943, ten suffered attacks of poliomyelitis. Of these, nine were 
mom, paralyzed and one had a non-paralytic infection. The pathological 
‘this findings in all cases were typical of poliomyelitis. 
iecal 2. The occurrence of one non-paralytic infection in a total of 10 

5 positive monkeys inoculated intracerebrally, is to be compared with a 
woud similar frequency of non-paralytic infections in monkeys inoculated 
—o intranasally with human and chimpanzee stools (human stools, 45 
pont. paralytic and 5 non-paralytic; chimpanzee stools, 43 paralytic and 
_— 7 non-paralytic). 
a 3. Sixteen of the 23 negative animals examined histologically pre- 
s of sented scattered perivascular infiltrations in the pia mater, which were 
—_— interpreted as non-specific reactions to the inoculation. Cord passage 
ard, to two normal rhesus monkeys in each of seven of these cases gave a 

. negative result. 
hich 4. The range of pathological involvement in non-paralytic infec- 
cuff- tioris, as in paralytic cases, was found to be wide. The distribution, 
3 ce. within the limits imposed by resistant centers, varied from arrest of 
—_ the pathological process near the portal of entry to severe and extensive 
each involvement of all susceptible centers along the cerebrospinal axis. 
ntly It is suggested that this variability may be a factor in the degree of 
been resistance to re-inoculation. 
from 
pen- BIBLIOGRAPHY 
Bopian, D., anp H. A. Howe. 1940 An experimental study of the role of neu- 

; can rones in the dissemination of poliomyelitis virus in the nervous system. Brain, 
ord, 63, 135-162. ay 

, 1941 The pathology of early arrested and non-paralytic poliomyeli- 
_ tis. Bull. Johns Hopkins Hosp., 69, 135-147. 
s10NS ———. 1941a Experimental studies on intraneural spread of poliomyelitis 
’ de- virus. Bull. Johns Hopkins Hosp., 68, 248-267. 
e for Faber, H. K., R. SILVERBERG AND L. Donc. 1943 Poliomyelitis in the cyno- 
sspe- molgus monkey. II. Resistance to spread of infection in the central nervous 


system following exposures of the mucous membranes to virus, with com- 


ments on non-paralytic poliomyelitis. J. Exp. Med., 78, 519-526. 








10 DAVID BODIAN AND HOWARD A. HOWE 


Howe, H. A., anpD D. Bopran. 1942 Neural Mechanisms in Poliomyelitis. 
New York. The Commonwealth Fund. 

Howe, H. A., D. Bopian anp H. A. WENNER. 1944 Further observations on 
the presence of poliomyelitis virus in the human oro-pharynx. Bull. Johns 
Hopkins Hosp., this number. 

Howe, H. A., H. A. WENNER, D. BopIAN AND K. F. Maxcy. 1944 Poliomyelitis 
virus in the human oro-pharynx. Proc. Soc. Exp. Biol. and Med., 56, 171- 
172. 

Hurst, E. W. 1932 Further observations on the pathogenesis of experimental 
poliomyelitis: Intrathecal inoculation of the virus. J. Path. and Bact., 35, 
41-52. 

Kuinc, C. 1940 In search of poliomyelitis virus in drinking water. Internat. 
Bull., vol. A-40, Infantile Paralysis. Publ. in U. S. by The National 
Foundation for Infantile Paralysis, Inc., New York. 

Kune, C., G. Oxtn, J. H. Macnusson, AND S. Garp. 1939 Nouvelles re- 
cherches sur |’élimination du virus poliomyélitique par les matiéres fécales. 
Acta Med. Scand., 102, 629-638. 

Kune, C., G. Ottn, S. GARD AND Norn. 1939 (Quoted by Kling, ’40). 

SaBIN, A. B., AND R. Warp. 1941 Nature of non-paralytic and transitory 
paralytic poliomyelitis in rhesus monkeys inoculated with human virus. J. 
Exp. Med., 73, 757-770. 

Trask, J. D., AND J. R. Paut. 1936 Experimental poliomyelitis induced by 
intracutaneous inocylation: A strain of virus apparently peculiarly infective 
when injected by this route. J. Bact., 31, 527-530. 

Warsurc, B. 1931 Experimental poliomyelitis: Histology of the persistent 
lesions of the central nervous system. Arch. Neur. and Psychiat., 25, 1191- 
1230. 


PLATE 1 


Fic. 1. Seventh lumbar spinal cord segment of rhesus A789, which suffered an 
attack of non-paralytic poliomyelitis. 15, section stained with gallocyanin and 
showing characteristic perivascular and focal infiltrative lesions, and neuronopha- 
gia. Paralysis was absent because of the scattered nature of the spinal cord 
lesions.  X 150. 

Fic. 2. Section through left thalamic region of rhesus A789, showing the site 
of inoculation (i) in the thalamus, and passage of inoculating needle through the 
fornix (f). cc.—corpus callosum. 60,, gallocyanin, x 20. 
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PLATE 2 
Fic. 3. Region of left hippocampus, rhesus A789, with arrows showing nu- 
merous perivascular and focal infiltrative lesions in cornu Ammonis (above) and 
in subiculum (below, left), 604, gallocvanin, x 20. 
Fic. 4. Region of right hippocampus, rhesus A789, showing absence of lesions. 


60, gallocyanin, = 20. 
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PLATE 3 


Fic. 5. Rhesus A820, region of 3rd ventricle (III), showing accidental placing 
of inoculation (i) in the ventricle, with neighboring non-specific reaction of sub 
ependymal cuffing, resembling poliomyelitis cuffing. No lesions of this type were 
found in the remainder of the substance of the brain or spinal cord. 60x, gallo 
cyanin, xX 20 

Fic. 6. Rhesus A820, showing perivascular cuffing (pv) in pia mater of medulla 
oblongata, probably due to non-specific reaction to inoculum escaping into spinal 
fluid. 60, gallocyanin, x 40. 

Fic. 7. Rhesus A792, showing perivascular cuffing (pv) in pia mater of medulla 
oblongata, probably due te non-specific reaction to inoculum escaping into spinal 
fluid. No lesions were found in the substance of the brain or spinal cord. 60,4 
gallocyanin, x 40. 
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PLATE 4 ‘ 


Fic. 8. Rhesus A792, section through hypoglossal nucleus and 4th ventricl 


Note cellular debris in floor of ventricle, and neighboring subependymal 


ivascular reaction, mimicking that seen in poliomyelitis. No other lesions were 
found in the rest of the parenchyma of brain or spinal cord. 60,, gallocyanin, 

40) 

Fic. 9. Rhesus A849, showing reaction similar to that in fig. 8. 60y, gallo 
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FURTHER OBSERVATIONS ON THE PRESENCE OF 
POLIOMYELITIS VIRUS IN THE HUMAN 
ORO-PHARYNX? 

HOWARD A. HOWE, DAVID BODIAN anp HERBERT A. WENNER? 
Poliomyelitis Research Center, Department of Epidemiology, Johns Hopkins University 


Submitted for publication October 28, 1944 


A recent paper (1) has reported the recovery of poliomyelitis virus 
from the oro-pharynx in 50% of a group of 14 poliomyelitis cases 
hospitalized in New Haven, Connecticut in 1943. The current 
communication extends the observations to a total of 20 cases in 
New Haven and 16 cases in Chicago, Illinois also studied during the 
late summer of 1943. 


MATERIAL AND METHODS 


The cases with 2 exceptions were diagnosed as poliomyelitis on the 
basis of the finding of fever, neck and back rigidity, increased numbers 
of leucocytes in the spinal fluid, with or without flaccid paralysis. 
All were hospitalized. Material was obtained by rubbing the oro- 
pharynx lightly with two {” sterile cotton swabs which were then 
either moistened with distilled water or placed dry into small vials 
and frozen on CO, ice. Swabs were taken over periods varying from 
1 to 9 days following the onset of the acute illness. 

Tests were performed by eluting the material from the cotton in 
phosphate buffer at pH 8 since it had been previously shown (2) that 
this was the optimum hydrogen ion concentration for recovering 
Lansing virus from cotton swabs soaked with infected mouse cord 
emulsion. The eluate was then brought to pH 7 and treated with 
20% ether in the ice box until sterile (18-36 hours) at which time the 
ether was removed. In no case was more than 1.1 cc. of inoculum 
obtained, which made it possible to give the entire specimen by 
intracerebral inoculation to a single monkey. Rhesus monkeys of 
8-10 lb. were used. Under ether anaesthesia a trephine hole was 
made through the skull over the sagittal suture just posterior to the 


' Aided by a grant from The National Foundation for Infantile Paralysis, Inc. 
* Fellow in Medicine of the National Research Council. 
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coronal suture. It was thus possible through this single opening to 
place half of the inoculum into each lateral thalamus. This region 
was chosen because of its relatively high susceptibility and its deep 
position, which minimized regurgitation of the inoculum. 

The criteria for successful isolation of virus were the production of 
flaccid paralysis with typical lesions in the spinal cords of the experi- 
mental animals, or the production of indubitable lesions alone (one 
case). Several instances were encountered in which animals showed 
no clinical signs of poliomyelitis but sections of the brain stem revealed 
light subependymal cuffing, usually in relation to some exudate in the 
4th ventricle. These findings are discussed in the preceding com- 
munication. The animals were regarded as negative but to rule out 
atypical forms of response to virus, 7 different cord samples were 
passed intracerebrally into 2 monkeys for each. None produced any 
signs of disease. 

In some instances test monkeys which showed no signs of having 
received infectious throat swab material were challenged by inocula- 
tion of active virus. Two of 5 animals remained well under these 
conditions but the interpretation of these findings is so obscure that 
these animals were regarded as negative. 


ISOLATION OF VIRUS 


In the entire series of 36 cases the number from which virus was 
recovered was 10, or 28%. This figure, however, without further 
analysis gives little idea of the factors actually involved. In the 20 
New Haven cases virus was isolated from 8 (40%), while in the 16 
cases comprising the Chicago series virus was found in only 2, or 12%. 
This disparity is clearly explained in tables I & II where it may be 
seen that in no instance was virus isolated after the 3rd day of the 
disease. The apparently unfavorable result in the Chicago series 
was occasioned by the fact that } of the swabs were obtained between 
the 4th and 9th day of illness, whereas } of the New Haven material 
was collected by the 3rd day. Thus in the New Haven group the 
majority of the cases were recent while the reverse was true of the 
Chicago patients. If the figures for virus recovery are based upon the 
number of cases assayed within the first three days of illness the 
disparity between the two groups largely disappears. Thus in 17 
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TABLE I 


POLIOMYELITIS VIRUS IN ORO-PHARYNX 


Poliomyelitis Virus in Human Throat Swabs 





PATIENT 











EXPERIMENTAL ANIMAL 
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DAY OF 
SERIES AGE TYPE DISs- Resist- 
EASE No. Paraly-| Sec- | ance to 
sis tions | active 
virus 
yrs. 
N. Haven 6 NP 1 A816 + + 
N. Haven | 13 BP 1 A821 | + + 
N. Haven | 15 NP 2 | A817 | + + 
Chicago 15 NP 2 A866 | + + 
Chicago 26 BP 2 | Asso | + + 
N. Haven 10 NP 2 A791 + + 
N. Haven 11 SP 2 A789 = + 
N. Haven 11 NP 2 A819 + + 
N. Haven 15 BP 2 A794 + + 
N. Haven 3 SP 3 A854 + + 
N. Haven 10 NP? 1 A820 - - 
N. Haven 13 NP? 1 A822 - - 
N. Haven 23 NP 1 A851 - - 
N. Haven 8 SP 1 A818 , - 
N. Haven 12 NP 2 A823 - - 
N. Haven 15 SP 2 AB52 - - 
N. Haven 15 SP 2 A853 - - 
Chicago 15 SP 2 A860 = —_ 
N. Haven 10 NP 2 A850 - - 
N. Haven 6.5) SP 2-3 | A8iS - - 
Chicago 6 NP 3 A855 - a 
Chicago 12 SP 3 A792 _ - 
Chicago 8 SP 3? | A862 - 
Chicago 8 NP 4 A865 - - 
Chicago 6 SP 4 A861 - 
Chicago 11 BP 4 A844 = - 
Chicago 13 BP 4 A845 = - 
N. Haven 13 BP 4-5 | A8i4 — - 
N. Haven 10 BP 5 A849 - - 
Chicago 2 SP 5 A858 - - 
Chicago 1 SP 5 A863 - - 
N. Haven 15 BP 6 A790 — - 
Chicago 2 NP 6 A857 - + 
Chicago 12 SP 6 A846 - - 
Chicago 21 SP 8 A856 — - 
Chicago 1 SP 9 A864 - - 

















NP = Non paralytic cases, 
SP = Spinal paralytic cases, 


BP = Bulbar paralytic cases. 
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cases of this type from New Haven 8, or 47%, were found to be harbor- 
ing virus while 2 of the 6 Chicago patients (33%) were likewise positive. 
(43% for both groups combined.) 

While virus was isolated in all of the bulbar paralytic cases during 
the first three days of illness and less frequently from the other types 
of cases (Table II) this does not necessarily mean that the bulbar case 
is a more frequent source of virus. This series is very small and these 
relationships might easily be seen in a different light by the accumula- 
tion of more data. 


TABLE II 
Virus Isolation from Different Clinical Types of Poliomyelitis 





























1-3 DAYS AFTER ONSET 4-9 DAYS AFTER ONSET 

| 

| Total | No+ | %+ Total | No. + 

| 
NR ied anaipntinalinnganead | 2 3 100 5 0 
ee eee 8 2 25 6 0 
en ee | 12 5 42 2 0 

OS en | 23 10 43 13 0 
DISCUSSION 


These experiments were undertaken in the belief that the method of 
nasopharyngeal washing was probably inadequate for demonstrating 
virus, and that improvement of the technique for assaying the virus 
content of the pharyngeal walls might produce results comparable 
to the higher recovery rates for fecal virus which have been achieved 
through certain technical improvements. 

Vignec, Trask and Paul (3) summarized the literature up to 1938 
and reported an overall recovery rate of 15% for virus from the 
pharynx during the first 5 days of disease. During the subsequent 
4 days the recovery rates dropped to a figure indicating only the 
occasional isolation of virus. This rate was maintained through a 
period of at least several weeks. It now seems apparent that these 
figures are much too low. When an admittedly crude technique 
employing only 1 test animal for each sample is capable of demon- 
strating virus in 43% of the acute cases it seems very probable that 
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virus is in reality present much more frequently than the test indicates. 
It is perhaps noteworthy that during the past 5 years technical 
improvements have increased the positive isolations of fecal virus 
during the first 10 days of disease from about 30% to the neighborhood 
of 80 or 90%. 

It seems too striking for mere coincidence that the period at which 
virus is no longer readily demonstrable in the pharynx should coincide 
so closely with the estimates of other observers relative to the end of 
the period of maximal infectiousness of the patient. Thus Casey (4) 
who tabulated 36 cases of single exposure which were followed by 
disease, found that in each instance this single contact took place at 
some time during a period ranging from 3 days prior to 3 days after 
the onset of symptoms in the original case. Aycock (5) studying 
similar material found in 16 of 17 cases following single exposure 
that this exposure ‘‘fell between the 4th day preceding and the 5th 
day following the onset of the primary” case. Other observations 
have been made regarding the presence of virus (6) or evidence for 
the infectivity of the patient (7) during the latter part of the incuba- 
tion period. While our material unfortunately affords no information 
regarding the presence of virus during the prodromal phase of polio- 
myelitis it seems, as far as it goes, to corroborate to surprising degree 
these inferences regarding the decline of maximal infectivity obtained 
by an entirely different method of investigation. 


SUMMARY 


1. Poliomyelitis virus was demonstrated in pharyngeal swabs 
taken from patients ill with the disease in the spinal and bulbar 
paralytic, and non-paralytic forms. 

2. Virus was found to be present in 43% of a series of 23 cases from 
whom swabs were taken during the first 3 days of illness. 

3. In no instance was virus found after the 3rd day of illness. 
(13 cases) 
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PERFORMANCE IN RELATION TO ENVIRONMENTAL 
TEMPERATURE! 


REACTIONS OF NorMAL YounGc MEN to Hot, Humm (SmmuLaTepD 
JUNGLE) ENVIRONMENT 
MAJOR LUDWIG W. EICHNA, M.C., MAJOR WILLIAM BENNETT BEAN, M.C., 
MAJOR WILLIAM F. ASHE, M.C., anv MAJOR NORTON NELSON, SnC 
From the Armored Medical Research Laboratory, Fort Knox, Kentucky 


The present global conflict requires men to live, work and fig.:t in 
extremes of climate to which most of them have not been previously 
exposed. In some regions climate alone, apart from endemic diseases, 
has caused casualties and reduced the efficiency of personnel. The 
physiologic effects of hot environments has been one of the aspects of a 
long-term study designed to determine the effects of stresses likely to 
be encountered by military personnel. Observations on the responses 
of man to heat and his adjustments to the increased thermal load are 
not new. Almost two centuries ago, military surgeons laid down rules 
governing health and activity in the tropics (1, 2). Contemporary 
observations have assumed several forms. Lifelong inhabitants of 
hot climates and recently transplanted white men have been compared 
with inhabitants of temperate regions in regard to various physiologic 
functions (3, 4, 5). Small groups or single investigators, studying 
themselves, have examined the effects of passing from temperate into 
hot climates (4, 6, 7, 8,9). The effects of heat on workers (many of 
them colored natives) in hot occupations have been described (10, 11, 
12, 13, 14). Hot rooms or hot baths have been used to study the 
changes induced by abrupt alterations in environmental temperature 
(9, 10, 15). 

The responses of normal men to hot, dry (simulated desert) heat 
have been previously reported (16). The effects of hot, humid (simu- 
lated jungle) heat are considered in the present report. This study 
has had three pertinent features: 1) the subjects were young adult, 
white inhabitants of a temperate climate; 2) the hot environment was 

1 Released for publication by the War Department Manuscript Board which assumes 
no responsibility other than censorship for the contents of this article. 
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purposely severe, more so than usually found in nature but not exceed- 
ing conditions encountered in some industries; 3) the transition from 
one environment to the other was abrupt. 


EXPERIMENTAL PROCEDURE AND METHODS 


Environment. Available data on tropical climates come from 
weather stations in clearings, on plantations and in cities, usually on 
the sea coast. Here the conditions are not necessarily representative 
of the thick jungle where men now live and fight. The environmental 
conditions of this study were based on the worst recorded jungle 
climates. 

During the day, 8 A.M. to 5 P.M., the climate in the “Hot Room”’ 
was as follows: dry bulb temperature, 90°F. to 91°F., with transient 
fluctuations to extremes of 89°F. and 93.5°F.; wet bulb temperature 
89°F. to 91°F. with occasional extremes of 87°F. and 92°F.; relative 
humidity 94% to 96% with transient extremes of 100% to 88%. 
During the night, 6 P.M. to 7:00 A.M., the dry bulb temperature was 
usually 83°F. to 85°F. (extremes 78°F. to 87°F.) and the humidity 75% 
to 80% (extremes 60% to 85%). Approximately one hour was re- 
quired to change from day to night environment. No additional radi- 
ant heat was supplied. Air movement was not measured but at no 
time did it exceed that created by the marching men. Except for a 
10 minute “‘clean-up”’ in the morning and in the evening, men lived 
in the hot room day and night for periods varying from 8 days to 4 
weeks. 

These studies were carried out from early spring (March) to mid- 
autumn (November). Therefore, the change from control (cool) to 
hot, humid environment varied from extreme to moderate. 

Experimental Subjects. Sixty-four healthy enlisted men between 
the ages of 19 and 33 years (average age 22 years) volunteered as 
subjects. All but six were between the ages of 19 and 24. They were 
of various bodily configurations, in differing states of physical fitness 
and came from all parts of the United States. 

Clothing. In most of the experiments the men wore regulation Army 
jungle coveralls, shorts, socks and jungle boots. Occasionally summer 
khaki was substituted for the coverall. During special studies only 
cotton shorts, socks and shoes were worn. 

Preliminary Training. For one to two weeks before entering the 
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humid heat, the men performed the same work which they were to do 
later in the hot room. This accustomed the men to the work and the 
experimental procedures and tended to produce a more uniform state 
of physical fitness in all men. 

Activity in the Hot Environment. The men were divided into two 
groups. Group I, Resting. Nine (9) men rested in the hot room for 
7 to 11 days before beginning work as in Group II. Group II, Walk- 
ing. Fifty-five (55) men performed work of moderate severity and 
long duration, walking at standard army pace while carrying a 20 
pound pack. A walk of 2} miles in 47 minutes constituted a work- 
period. Between successive work-periods, a rest of 13 minutes was 
given during which observations were made. Unless incapacitated, 
men walked two (2) consecutive periods in the morning and three (3) 
in the afternoon; 123 miles a day. 

Food. Food consisted of the standard Army garrison ration. Ex- 
cept for the first day in the hot environment the men ate heartily. No 
record was kept of the type or amount of food eaten. 

Water. Salt was added to all drinking water (final concentration 
0.1%). All fluid drunk was measured and administered in one of the 
three ways; (a) as much as desired, whenever ‘wanted, (b) 300 cc. at 
the beginning and 300 cc. in the middle of each work-period plus as 
much as desired at all other times, and (c) restricted either to 200 cc. 
or 150 cc. per hour during the working day (6 A.M. to 5 P.M.) and 
thereafter as much as desired. In most observations, water was per- 
mitted ad lib. 

Observations. Continuous notes were made of the appearance of 
the men and of their symptoms during work. The heart rate and blood 
pressure were determined at the beginning and end of each work 
period with the subject first erect, then supine (three minutes in each 
position). Posture was changed passively by a tilt table, occasionally 
by voluntary movement of the subject. Immediately on finishing a 
work-period, and before getting on the tilt table, the heart rate was 
counted with the subjects marking time. The rectal temperature was 
determined immediately before and after each work-period. At the 
beginning and at the end of each work period, the subjects stripped, 
dried off the sweat and were carefully weighed (within 5 grams). 
The water intake and urine output during each work period and for 
each day (24 hours) were recorded. 








EICHNA, BEAN, ASHE AND NELSON 


RESULTS 


The results are presented in a series of representative charts show- 
ing typical changes in heart rate, rectal temperature, blood pressure 
and weight (sweat) loss. These simple measurements do not define 
completely the complex process of acclimatization but serve as indices 
of that process. In the charts to be presented, these indices were 
consistent with the picture in the man as a whole. 


COMPARISON OF ACCLIMATIZED AND UNACCLIMATIZED STATES 


The unacclimatized man works with a rapid heart rate, a high 
rectal temperature and an unstable blood pressure (first day, Chart 1). 
With continued exposure and work, he accomplishes the same amount 
of work with progressively less increase in heart rate and rectal tem- 
perature and with less disturbance of the blood pressure until in the 
acclimatized state (eleventh day, Chart 1) these values approximate 
those following similar work in the control (cool) environment. The 
changes are rapid at first, then more gradual. 

The cardiovascular instability of the unacclimatized state is brought 
out by the erect posture which induces tachycardia, a low systolic 
blood pressure and anarrow pulse pressure (Chart 1). Symptoms of 
cerebral ischemia and even syncope occur. These changes (both 
subjective and objective) are more marked after work than during 
rest. On returning to the supine position, the heart rate and blood 
pressure return to normal and the symptoms of cerebral ischemia 
promptly disappear. Postural hypotension after working on the first 
day in “jungle heat” is a common occurrence. In one experiment, six 
of the fifteen men were unable to stand because of severe postural 
hypotension accompanied by disabling symptoms or syncope. As 
acclimatization progresses, the postural circulatory instability dimin- 
ishes and disappears. Acclimatized men stand erect without difficulty. 

In the remainder of this report, the observations, charts and con- 
clusions are for men in the erect posture unless otherwise indicated. 
This choice was made because the erect posture places an added strain 
on the circulation and may reveal disturbances not otherwise apparent. 

The acclimatized man works in humid heat almost as easily as in the 
cool environment. The unacclimatized man working in the heat 
becomes dull and apathetic, performs his work poorly and often 
develops to varying degrees, and either singly or in combinations, the 


symptoms and signs of heat exhaustion. In this study, these symp- 
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toms and signs appeared in the following order of frequency: Symptoms 
(1) fatigue, (2) headache, (3) dizziness, especially when erect, (4) loss 
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Each arrow above the abscissa indicates syncope in the erect posture 


of appetite, (5) nausea, (6) abdominal distress, (7) vomiting and (8) 
shortness of breath. Signs (1) flushing of the face and neck, (2) rapid 
pulse rate (150-200/min.), (3) fever over 102°F., (4) lack of coor- 
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dinated effort (clumsy, stumbling), (5) staring, glazed eyes, (6) mental 
disturbances (apathy, poor judgment, irritability) and (7) collapse. 

Most men when they first work in the heat develop a marked flushing 
of the face, neck and upper chest. There may be accompanying en- 
gorgement of the scleral vessels and swelling of the nasal mucous mem- 
branes, the latter giving rise to “sniffles.” Edema of the hands also 
occurs. These manifestations of engorged peripheral vascular beds 
diminish or disappear as acclimatization develops. 

It is important to stress that the changes in heart rate, blood pres- 
sure, and rectal temperature which accompany acclimatization do not 
necessarily define acclimatization nor do they invariably serve to 
differentiate the degrees of acclimatization attained by different men. 
Many variables not evaluated by such measurements influence per- 
formance. Each man should be considered as a whole and his symp- 
toms, appearance, behavior and actual performance should receive 
careful consideration in evaluating his ability to work in the heat. 

This point is illustrated by Chart 2, which indicates the changes in 
two men during acclimatization. In both men, the heart rate and 
rectal temperature fell with acclimatization, but the levels finally 
reached were different in the two men. Even when fully acclimatized, 
subject EIC. usually had a high rectal temperature (103°F.+) on 
completion of 5 work-periods, whereas the rectal temperature of SER. 
was much lower (100°F. to 100.4°F.). On the other hand, the heart 
rate of subject EIC. was relatively slow (100 to 115/min) while that of 
SER. was fast (125 to 140/min). At this time, both men were well 
acclimatized and completed the prescribed work easily. In neither 
man did the heart rate alone or the rectal temperature alone give a 
true concept of the capacity to perform or of the response to work in 
humid heat. 

In most men, the heart rate and rectal temperature decrease propor- 
tionately during acclimatization. This is not always so and two 
different patterns of response have occurred in some acclimatized men: 
(1) high rectal temperature and slow heart rate (like EIC.) and (2) low 
rectal temperature and rapid heart rate (like SER.). 


FACTORS IN ATTAINING AND MAINTAINING ACCLIMATIZATION TO HUMID 
HEAT 


Course of Acclimatization. Acclimatization is initiated by the first ex- 
posure to heat, progresses rapidly during the first 3 to 4 days and then 
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more slowly to be complete in one to two weeks. This is illustrated 
by the observations on subject HAR. (Chart 1). On the first day 
this man was exhausted at the end of the 4th work period. The heart 
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rate was rapid (147/min), the rectal temperature high (102.4°F.), and 
the blood pressure low (98/82 mm. Hg), with postural hypotension 
eventuating in syncope. On the second day he completed more work 
(S periods) and with less discomfort, but marked physiologic disturb- 
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ances persisted. On the third day there was much improvement in 
all respects and this continued at a slower pace over the ensuing 8 


days. At this time his response approximated, but did not equal, 
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CuHartT 3. CHANGES IN HEART RATE, RECTAL TEMPERATURE AND BLOOD PRESSURE 
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that observed in the control (cool) environment. Even in well ac- 
climatized men the heart rate and rectal temperature usually remained 
slightly above that in the cool environment. 
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The typical pattern of acclimatization is emphasized by Chart 3, 
which is derived from the averaged data of 14 men. 
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Cuart 4. Errect oF PHysICAL FITNESS ON THE COURSE OF ACCLIMATIZATION TO 
Work 1n Hump HEAT 


Physical Condition. Men in good physical condition generally 
acclimatize to heat more rapidly than men in poor condition and when 
acclimatized maintain the same relative superiority of performance in 
the heat that they did in the cool environment. 
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The course of acclimatization of a man in good physical condition 
(VIL.) is compared with that of a man in poor condition (SER.) in 
Chart 4. The differences between the two men are more apparent in 
their cardiovascular responses than in their thermal adjustments. 
Whereas the rectal temperatures of both men were essentially similar 
throughout acclimatization, the heart rate of the less fit man was 
always the more rapid and postural hypotension occurred on the first 
two days. The parallel course of the curves of heart rate indicates 
that the more fit man maintains the same degree of superiority in the 
heat that he did in the control environment. During the first days 
in the heat, the less fit man experienced more distress than the fit man 
but when acclimatized both men worked easily and energetically. 

Activity Prior to and during Acclimatization. After the attainment 
of satisfactory physical fitness, further work in a cool environment 
seems not to improve the ability to work on the first day in humid 
heat. Resting for six (6) to ten (10) days in humid heat induces only a 
small degree of acclimatization. Acclimatization is achieved most 
rapidly by daily graded work undertaken simultaneously with exposure 
to humid heat. 

The effect on subsequent acclimatization of (a) work in the heat, 
(b) rest in the heat and (c) continued work in a cool environment are 
compared in Chart 5. After the same preliminary training for three 
groups of men, one group (E) continued to work in the cool out-of- 
doors while the other two groups (C and D) entered the humid hot 
environment. Group D rested while Group C immediately began 
graded work which was continued until acclimatization was achieved 
(10 days). When Group C was acclimatized, all three groups were 
subjected on the same day (called comparison day in Chart 5) to five 
work periods in humid heat. 

The men who had worked in the heat (Group C) worked easily, with 
low heart rates and rectal temperatures and normal blood pressures. 
In contrast, the men without previous exposure to heat (Group E) 
worked with difficulty, with rapid heart rates and high rectal tempera- 
tures. The men who had rested in humid heat (Group D) showed 
only a small degree of acclimatization, apparent chiefly in the improved 
temperature regulation, the less marked flushing and the fewer and 
milder symptoms. Resting in humid heat appeared to induce less 
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acclimatization for work in humid heat than the acclimatization for 
work in dry heat induced by resting in dry heat (120°F.). Appar- 
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ently the dry heat constituted a greater stress on the thermo-regulatory 
mechanisms of resting men than did the humid heat (90°F.). 
Strenuous Work from First Exposure to Heat. Strenuous work on 
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first exposure to humid heat is not well tolerated. Fourteen (14) men 
were required to work for five periods on their first day in the humid 
heat. Only five men completed the task and they finished with diffi- 
culty, with rapid heart rates, high rectal temperatures and marked 
reduction in morale. Completing strenous work on first exposure does 
not necessarily indicate acclimatization, for the acclimatized man not 
only accomplishes strenuous work but does so easily, without symp- 
toms and with a minimum of physiologic disturbance. Maintaining 
strenuous work from the outset may lead to a deterioration of per- 
formance in contrast to the steady improvement achieved on a schedule 
of progressively increased work. 

Initial Intolerance to Heat. Intolerance to humid heat, even to the 
point of heat exhaustion, during the first days of exposure, does not 
decrease the acclimatization finally attained, provided that when such 
disability occurs, work is discontinued and rest, adequate water and 
salt are given. This is illustrated by the performance of two subjects 
whose early course in humid heat is plotted in Chart 6. From the 
outset subject GRO. worked with relative ease, few symptoms, a con- 
trolled heart rate and rectal temperature and a maintained blood 
pressure. On the other hand, subject COX. worked with great diffi- 
culty during the first two days, and complained of fatigue, headache, 
nausea and dizziness. His marked cardiovascular disturbance was 
indicated by the sustained tachycardia and the profound postural 
hypotension with syncope. Between work periods, he lay exhausted. 
Rest, water and salt were given liberally. 

In spite of the poor early response, subject COX. acclimatized 
quickly and by the third day and thereafter his performance equalled 
that of subject GRO. Both men worked easily with well controlled 
heart rates, rectal temperatures and blood pressures. 

Effect of Season (Previous Environment) on Acclimatization. The 
temperature at which men live prior to exposure influences the initial 
performance and the course of acclimatization to humid heat. The 
warmer the original environment, the better the initial performance 
and the more rapid the acclimatization. 

Chart 7 indicates the amount of work performed by two groups of 
comparably fit men during their first six days in humid heat. The 
two groups entered the hot environment at different seasons of the year: 
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Group A (6 men) in mid-March; Group B (15 men) in early August. 
The “amount of work’’ performed by each group was taken as the total 
man-work-periods completed by the group divided by the total pos- 
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The mid-summer group (B) completed 80% of the prescribed work 
on the first day in humid heat, the mid-March group (A) only 46%. 
On the second day and thereafter, the August group completed the 
full work requirement without difficulty. The performance of the 
March group improved more slowly and the full work requirement was 
not achieved until the fifth day. 
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Chart 8 indicates the averaged heart rate, rectal temperature and 
blood pressure of Groups A and B at the end of the last work period 
finished each day by the majority of men in the group. Although the 
March group (A) performed less work on the first days in humid heat 
than the August group (B), nevertheless, in doing that smaller amount 
of work Group A sustained greater subjective discomfort and more 
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marked physiologic disturbances (heart rates and rectal temperatures) 
than Group B. Postural hypotension with syncope on completion 
of work occurred in both groups. 
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Cuart 8. Errect oF PREvious ENVIRONMENTAL TEMPERATURE ON 
ACCLIMATIZATION TO WorK IN Hummp HEAT 


With continued work in humid heat, both groups improved sub- 
jectively and objectively. However, the improvement was slower in 
the March group (A) than in the August group (B). 

Persistence of Acclimatization. After leaving the humid heat, 
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acclimatization is retained for varying periods depending on the 
climate into which the acclimatized men return. When this climate is 
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warm, acclimatization is retained for longer periods than when the 
climate is cold (Chart 9). 
Two groups of men, one observed in May and June (Group A), the 
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other in March (Group B), were well acclimatized when they left the 
humid heat; Group A in late June, Group B in late March. After six 
(6) warm summer weeks, Group A returned in mid-July and worked 
in the humid heat; Group B returned in mid-April after 3 weeks in the 
cool early spring. Chart 9 shows that Group A still retained much of 
its acclimatization after six weeks, whereas Group B had lost most of 
its adaptation during an interval only one half as long. This was 
evident in the higher heart rates and rectal temperatures of Group B, 
in the fewer work periods completed (3 and 4 in contrast to 5) and in 
the apathetic, fatigued, flushed appearance of the men. The men in 
the summer group (A) stated that they worked as easily as six weeks 
previously when fully acclimatized. (Group B is small but similar 
results were obtained in other men.) 

The March group (B) was re-exposed to the humid heat on the day 
after the first follow-up exposure. The performance was markedly 
improved in all respects (last column on right, Chart 9). The single 
re-exposure, though not well tolerated, had re-induced a considerable 
degree of acclimatization. 

After the follow-up study in mid-April, the men in Group B returned 
to their regular duties. In late July, 3 months later, five men of this 
group again worked in the hot environment. Their performance was 
surprisingly good. In all respects, amount of work accomplished, 
subjective reactions and physiologic measurements, their performance 
was considerably better than at any other time except when fully 
acclimatized, and this they closely approached. Considerable ac- 
climatization was apparently acquired during the warm summer 
months. 

In all of these experiments, acclimatization was retained best by 
those men who had remained physically fit in the interval between 
exposures to humid heat. 

Cross Acclimatization in Hot Dry and Hot Humid Environments. 
Acclimatization to dry (desert) heat induces a substantial degree of 
acclimatization to moist (jungle) heat (16). The reverse is also true 
but perhaps to a lesser degree. 

Chart 10 indicates the averaged performance, on their first day in 
moist heat, of 3 men acclimatized to simulated desert heat (120°F. dry 
bulb temperature, relative humidity 18% to 22%) and of 6 men with- 
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out previous exposure to a hot environment. The desert acclimatized 
men had a far superior performance. 
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WorK-PERFORMANCE DURING First ExposurE To Hummp HEAT 


Chart 11 indicates the averaged performance, on their first day in 
dry (desert) heat, of 4 men acclimatized to humid heat and of 5 men 
without previous heat exposure. Due to operational difficulties the 
environment on the test day was much too moist for a desert—dry 
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bulb temperature 120°F., relative humidity 26% to 29%. Neverthe- 
less, the performance of the men acclimatized to moist heat was much 
the better. The men without previous exposure to heat did very 
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badly. Only one man completed the required five periods. All men 
were exhausted. Two had postural hypotension with syncope. All 
had elevated heart rates and rectal temperatures. 
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WATER BALANCE 


Water Requirements. Work in hot, humid surroundings induces pro- 
fuse sweating with the loss of large amounts of water and salt. The 
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Cuart 12. Rate or Weicut (Sweat) Loss sy CLoTHED MEN DURING WorK AND 
Rest In Humip Heat 


magnitude of the water losses, and therefore of the water requirement, 
was determined by measuring the weight (sweat) lost by men in 
performing prescribed tasks. Different men lose considerably different 
amounts of sweat during the same degree of activity. These varia- 
tions are indicated by the histograms in Chart 12 in which the ordi- 
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nates (height of column) give the number of men who lost the amount 
of sweat per hour indicated by the class interval of the abscissa. 

Resting men, lying on cots, lost an average of 218 grams per hour; 
range 77 grams to 480 grams. Unacclimatized men working on the 
first day in humid heat lost an average of 725 grams per work period; 
range 290 grams to 1310 grams. When acclimatized, the same men 
lost slightly more weight (sweat) per standard work period; average 
loss 890 grams; range 460 grams to 1405 grams. 

These data apply only to clothed men in an environment where the 
dry bulb temperature is between 90°F. and 93°F., the wet bulb tem- 
perature between 88.5°F. and 91°F., and the relative humidity between 
92% and 96%. The wide variation in weight (sweat) losses appears 
to result from several, as yet incompletely studied and understood, 
factors. Among these the effect of relatively small changes in environ- 
ment is probably most important (Chart 19). Diurnal and seasonal 
(previous environment) influences also appear to be operative. 

Water Drinking and Thirst. No man drank enough water volun- 
tarily to replace the water lost in the sweat during work in humid heat 
(Chart 13). Thirst did not appear until considerable water deficits 
had developed. Since it lags behind the water needs, thirst consti- 
tutes an insensitive guide to the water requirement. When there is 
intolerance to heat, as on first exposure or during water restriction, 
the associated gastrointestinal symptoms (anorexia, nausea, vomiting) 
may so mask or replace the sensation of thirst that in spite of consid- 
erable water deficits, there is no desire for water and even a distaste for 
it. Thirst may then fail completely as an index of the water needs. 

On the first day in humid heat, the voluntary fluid intake during 
work falls well below the sweat output and large water deficits accu- 
mulate (Chart 13). The resultant dehydration may be a factor in the 
poor performance on this day. With continued exposure to heat, the 
voluntary water intake during work increases and more nearly ap- 
proaches the sweat loss (Chart 13). Smaller water deficits result and 
performance is aided. It is not clear whether this voluntary increase 
in water intake is the result of the removal of symptoms masking 
thirst, an increased sensitivity of the thirst mechanism or merely a 
learning of the need for water. 

Full Water Replacement. Drinking water in amounts equal to the 
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sweat output improves the work performance of men during their first 
exposure to humid heat (Chart 14). 

On their first two days in humid heat, 4 men (Group A) drank water 
(every 20 to 30 minutes) in amounts equal to the sweat loss. Their 
performance was compared with that of 4 comparable men (Group B) 
who drank water as they desired. The improved performance of the 
group (A) with water replacement is indicated by the greater number 


GRAMS AND C.C. 














Oars ' 2 3 4 5 6 
ENVIRONMENT ~<«— COOL ——* HUMID HEAT 
WORK PERIODS 5 4 5 5 5 5 5 


o— —-+ TOTAL WATER INTAKE DURING WORK 
o——« TOTAL SWEAT LOSS DURING WORK 
MVERASED OATA FOR IS MER @----© TOTAL WATER DEFICIT AT END OF WORK 


Cart 13. RELATION OF WATER INTAKE TO WEIGHT (SWEAT) Loss DURING 
Work In Humip HEAT 


of men who completed all of the work periods and by the lower heart 
rates and rectal temperatures (chart 14). Though improved, this 
performance was still typically that of unacclimatized men. Postural 
hypotension with syncope was absent in the forced drinking group but 
occurred in two men in the “ad lib” group (B). Note the markedly 
deficient water intake of the ‘“‘ad lib” group on the first day and the 
increased intake on the second day. 
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RECTAL TEMP (°F) HEART RATE (PER MINUTE) WATER INTAKE (cc) 


BLOOD PRESSURE (mm. Hg) 
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Cuart 14. Errect oF DRINKING WATER IN Amounts EQUAL TO THE WEIGHT 
(Sweat) Loss ON WorK-PERFORMANCE DURING THE First Days IN 
Humip HEAT 


Sweating and Water Intake. A lay belief persists that the drinking 
of water promotes sweating and that men may be trained to reduce 
their water requirements. In this study, sweating was independent 
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Cuart 15. Errect oF VARIATIONS IN WATER INTAKE ON THE WEIGHT (SWEAT) a 
Lost BY CLOTHED MEN (ACCLIMATIZED) REsTING IN Hummp HEatT 


The subject who lost 650 grams during the first hour is the same man who lost 
“no weight” during the second and third hours. These three weighings are seri- 
ously questioned. His losses during the 4th, 5th, and 6th hours were 300, 250, 180 
grams respectively. 


of the water intake both for resting (Chart 15) and working (Chart 16) 
acclimatized men. 
The weight (sweat) loss per hour of a group of 11 clothed resting 
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men was not significantly different whether each man drank 400 cc., 
200 cc., or no water during the hour (Chart 15). 

The weight (sweat) loss of men working with a restricted water 
intake was as great as the weight (sweat) loss of the same men working 
with a water intake sufficient to satisfy their thirst (Chart 16). On 
one day six (6) acclimatized and stabilized men worked with 150 cc. 


1700 








1500 





1200 





900 











WEIGHT (SWEAT) LOSS PER WORK PERIOD (GRAMS) 





300 os 























WORK PERIOD ' 2 3 4 5 


EACH SMALL DOT OR CIRCLE = ONE ACCLIMATIZED MAN 
EACH LARGE DOT OR CIRCLE * AVERAGE OF SIX MEN 
@ = WATER AS DESIRED (600 CC/PERIOD) 
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CuarT 16. Errect oF VARIATIONS IN WATER INTAKE ON THE WEIGHT (SWEAT) 
Lost By CLoTHED MEN (ACCLIMATIZED) WorkKING IN Hump Heat 


of water per hour from 6 A.M. to6 P.M. After 6 P.M. and all of the 
next day, these men rested and drank water as desired. On the 
following day, they drank 600 cc. (enough to satisfy thirst) each work 
period and as much as they desired at all other times. Both the range 
and the average of the sweat losses for corresponding periods was the 
same whether water was restricted or not restricted (Chart 16). The 
reduction in weight (sweat) loss during the afternoon (4th, 5th) work- 
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periods was an unexplained occurrence in these experiments. Since it 
occurred to an equal degree whether the water intake was adequate or 
restricted, it is probably not related to dehydration. 

Restriction of Water Intake. Suddenly restricting the water intake 
of acclimatized working men causes a marked general deterioration, 
impairs performance and induces physiologic changes similar to those 
present in unacclimatized men working in humid heat. 

Chart 17 contrasts the performance of six acclimatized men when 
water was given as desired (600 cc./hr) with their performance when 
water was restricted (150 cc./hr). These are the same men whose 
sweat losses are indicated in Chart 16. The deteriorated performance 
when water was restricted is evident in the higher and progressively 
rising heart rates and rectal temperatures and in the increasing vascu- 
lar instability. Note the falling systolic blood pressure and the nar- 
rowing pulse pressure. During water restriction, one man developed 
postural hypotension with syncope after the third work period and 
was unable to work after the fourth period. 

The chart does not show other, even more important, changes in 
these men; the total incapacitation of some, the ineffective working 
of the others who remain on their feet. It does not show the complete 
loss of motivation and morale, nor how acclimatized subjects who had 
performed a given task easily, energetically and cheerfully are reduced 
to apathetic, listless, plodding men straining to finish the same task. 


FACTORS INFLUENCING THE PERFORMANCE OF ACCLIMATIZED MEN 


Water Intake and Physical Fitness. The importance of water intake 
and physical fitness have already been discussed. Of the factors 
influencing the performance of acclimatized men, adequate water in- 
take is the most important (Chart 17). Then follows physical fitness. 
In the heat, the fit man is superior to his unfit colleague by approxi- 
mately the same margin as in the cool environment (Chart 4). 

Clothing. Men worked in humid heat with greatest comfort, lowest 
heart rates, rectal temperatures and sweat losses when they wore only 
cotton shorts, socks and shoes. Additional clothing increased the 
discomfort and the physiologic disturbances. Chart 18 (first half), 
indicates the improved performance during each work period when 
coveralls were discarded and shorts alone were worn. Wet clothing 
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imposed less stress than dry clothing. Chart 18 (second half) indicates 
the definite, though small, improvement when 8 men worked in wet 
coveralls. In this experiment, half of the men received a dry coverall 
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Cuart 17. Errect OF RESTRICTION OF WATER INTAKE ON THE PERFORMANCE OF 
ACCLIMATIZED MEN WorKING IN Humip HEAT 


at the beginning of each work period, the other half of the men a wet 
coverall. On the next day the clothing was reversed so that each 
man wore wet garments for one day, dry garments the other day. 
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Rest at Night. Adequate rest at night is necessary for good per- 
formance in humid heat. Deprived of sleep, even acclimatized men 
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CuHart 18. Errect oF CLOTHING ON THE PERFORMANCE OF ACCLIMATIZED MEN 
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work ineffectively and inefficiently the next day. The loss of sleep 
and adequate rest appears to be a more serious handicap at high tem- 
peratures than in temperate environments. 
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Alcohol. The “hangover” of alcoholic intoxication impairs work 
performance the next day. 
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Within a two hour period, three men drank sufficient whiskey and 
beer to become rapidly and markedly intoxicated. The next morning 
these men worked with faster heart rates, higher rectal temperatures 
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and greater weight (sweat) losses than on the previous day. By 
afternoon, they had improved and their performance was comparable 
in all respects to that of the previous day. 

Effect of Small Changes in the Environment. For the work performed, 
the environmental conditions of this study impose severe stresses on 
human tolerance. Under such conditions relatively small changes in 
the environment alter performance and induce considerable, and even 
marked, physiologic changes. 

In Chart 19 are plotted the observations on 15 acclimatized men 
during two successive work periods on two widely separated days. 
The double, central vertical line divides the chart into the two days. 
Psychrometric data were obtained at 15 minute intervals. 

On the first day, the relative humidity remained “‘constant’’ while 
the dry bulb temperature during the 4th period rose about 2°F. higher 
than that during the third period. As a result the same work was 
performed with an increase in heart rate (115/min to 137/min), a 
higher rectal temperature (100.2°F. to 100.7°F.) and more profuse 
sweating (785 grams to 1306 grams). On the other day the dry bulb 
temperature remained “constant” while the relative humidity during 
the fourth period fell to 91%-95% from a level of 95%-100% during 
the third work period. The same work was performed with a decrease 
in heart rate (131/min to 113/min), a fall in rectal temperature 
(100.6°F. to 100.2°F.) and less profuse sweating (1248 grams to 725 
grams). 

Although such alterations in the actual environment are small, they 
represent considerable, and at times marked, changes in the available 
avenues for the loss of heat from the body. Heat loss depends on the 
thermal and evaporative gradients between the body and the environ- 
ment. At high environmental temperatures these gradients are small 
and therefore their changes, and the changes in heat loss, are great 
whenever the environment varies, even though slightly. 


DISCUSSION 


Acclimatization to heat appears to be a complex physiologic read- 
justment which cannot be defined adequately by the simple measure- 
ments made in this study. Therefore, no attempt will be made to 
discuss or elucidate the mechanisms of acclimatization to heat. It is 
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rather the purpose of this report to present a series of systematic 
observations on healthy young men exposed to humid (tropical) heat 
and to derive from these observations several general principles which 
govern the acclimatization and performance of men in humid, hot 
environments. These principles do not differ in their essentials from 
those already reported (16) for men in dry (desert) heat. It is neces- 
sary that men be regulated according to these rules if they are to work 
efficiently and effectively in humid, or dry, heat and avoid undesirable 
symptoms and disability. These principles are as applicable to 
workers in hot industries as to troops engaged in military operations. 

Of the factors influencing the performance of men in humid heat, 
acclimatization is the most important. It is essential to appreciate 
that on first exposure to hot environments, men are physiologically 
incapable of working as hard or as long as in temperate environments. 
Therefore, they should not be expected to do so, and to force them to 
attempt such work, will result in the disability of many men. The 
increased thermal load makes even the most physically fit man react 
temporarily like an “unfit”? man. Because of this it is not possible on 
the basis of performance and of concepts of fitness formulated in cool 
environments to predict the reactions or the work capacity of men 
when they first work in humid heat. For the same reason, prolonged 
and strenuous work in cool environments does not serve to prevent the 
thermally induced “‘unfitness’”’ which can be overcome only by training 
(i.e., working) in the hot environment. The most complete adapta- 
tion to work in the heat is attained most quickly when men undertake 
and continue progressively increasing amounts of work coincidently 
with the onset of continuous residence in the hot environment. When 
acclimatized, men work as easily and almost as efficiently in humid 
heat as in a cool environment. Further studies have indicated that 
men acclimatized to one hot environment cannot immediately under- 
take strenuous work in hotter or more humid surroundings, but must 
be reacclimatized to their new environment. 

The performance of acclimatized men in humid heat is influenced by 
the same factors which affect performance in cool environments. 
However, due to the ever present stress of the added thermal load, 
performance is more easily disturbed by those factors which impair 
work output in any climate. Of these, the lack of physical fitness and 





56 EICHNA, BEAN, ASHE AND NELSON 


the lack of water and salt are the most important. Added clothing 
and equipment, lack of sleep, rest and food all reduce the efficiency of 
performance, but not so disablingly. 

Although fit men may be as severely incapacited on first working in 
the heat as unfit men, men in good physical condition tend to ac- 
climatize more rapidly than unfit men. When acclimatized, the more 
fit men re-acquire their superior performance and work more efficiently 
and have a greater work output than unfit men. Since acclimatization 
is quickly attained (one to two weeks at most), men in good physical 
condition are in the long run the best men for work in hot environ- 
ments. 

In humid heat, sweating is in excess of purposeful needs. In the 
environment of this study only one-third of the secreted sweat was 
evaporated and cooled the body, the remainder ran off and constituted 
an utter waste of water and salt. Nevertheless, sweat continues to be 
secreted in profuse and excess quantities as long as work is continued. 
Furthermore, its flow is not materially reduced as the body water 
decreases and moderate dehydration approaches. In this study, the 
water and salt losses of the sweat equalled those of men working in a 
hot dry (simulated desert) environment (16). These losses must be 
replaced. Failure to do so leads quickly to a deterioration of per- 
formance which rapidly progresses to marked inefficiency or total 
disability, even in the most fit and fully acclimatized men. This de- 
terioration is striking, at times alarming. It is remedied completely 
by restoring the water and salt balance. 

Whenever men live and work for long periods in hot environments, 
the question of deterioration of performance arises. White men trans- 
planted to the tropics have shown such changes (2, 3,4). An attempt 
to produce physiologic deterioration of performance experimentally 
yielded equivocal results. In one experiment, four men working in 
the humid heat during a continuous stay of 23 days developed a definite 
deterioration of performance. This was characterized by higher heart 
rates and rectal temperatures, more fatigue and discomfort during a 
standard piece of work than at the peak of acclimatization. After 23 
days, the men were removed into the out-of-doors for four days after 
which they returned to the heat. They now performed the standard 
work as efficiently and easily as at the peak of acclimatization. An 
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attempt to achieve a similar deterioration in 15 men who worked in 
the humid heat during a stay of 28 consecutive days resulted in failure. 
This leaves for further study the question of the experimental pro- 
duction of deterioration in simulated tropical heat. 


SUMMARY 


Men adapt themselves to work in humid heat by a process of ac- 
climatization which enables them to work more efficiently and with 
less risk of illness than when first exposed. The acclimatized man 
works with a lower heart rate, lower skin and rectal temperature, 
more stable blood pressure and less discomfort than when unacclima- 
tized. Acclimatization to heat begins with the first exposure, is 
achieved most rapidly and completely by progressively increased work 
in the heat, and is complete in 7 to 10 days. Resting in humid heat 
induces but little acclimatization. Physically fit men acclimatize more 
rapidly than unfit men and when acclimatized are capable of more 
efficient work. Acclimatization develops most rapidly when the 
original environment is warm (summer) and is retained longest when 
the return is into a warm climate. Strenuous work on first exposure 
to humid heat is not well tolerated and leads to disability which, how- 
ever, need not retard nor decrease the final acclimatization attained, 
provided rest, water and salt are supplied. There is a measure of cross 
acclimatization between hot-dry and hot-humid environments. 

The performance of acclimatized men in humid heat is impaired most 
seriously by lack of adequate water intake and lack of physical fitness. 
It is also affected adversely, but not so severely, by lack of rest and 
sleep, by added clothing and equipment, alcohol and long periods of 
work. 

Sweating in humid heat is profuse, grossly inefficient, wastes water 
and salt and is independent of the fluid intake. Replacement of the 
lost water and salt is essential to efficient performance. Thirst is a 
lagging guide to these needs. 
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BOOK REVIEWS 
(These reviews represent the individual opinions of the reviewers and not 
necessarily those of the members of the Editorial Board of this Journal.) 


Hypertension and Hypertensive Disease. By W. Gotprinc and H. CuHassis. 
253 pp. Illus. $3.50. The Commonwealth Fund, New York, 1944. 

This volume presents the clinical and physiological observations of the authors 
during fifteen years’ study of hypertensive patients. The book deals with three 
different types of material: in Chapters I, II, and VIII hypertension is defined and 
the clinical aspects and management of hypertensive disease are described. While 
brief, they are clearly and concisely written, and offer an excellent summary of the 
present day concept of clinical hypertension. 

The body of the book is devoted to the authors’ investigations of the hemo- 
dynamics of the general circulation and of the kidney in hypertension, together 
with their interpretation of the results. Detailed descriptions of the methods used 
are given in the Appendix. These are among the most extensive studies ever made 
of the pathological physiology of hypertension, and they deserve the thoughtful 
attention of every student in this field. 

The remainder of the book is an evaluation of the réle of a primary renal mecha- 
nism in the genesis of hypertension, and of thiocyanate therapy, sympathectomy 
and unilateral nephrectomy in its treatment. Here a great deal of controversial 
material is presented, not always in its most convincingdight. For instance, it is 
unfortunate that the authors did not publish the blood thiocyanate concentrations 
attained in their patients. While they state that their method of attempting to 
control thiocyanate dosage by calculating the residual drug in the body is “more 
satisfactory than blood concentration,” the high daily dosages recorded in the 
early days of treatment and the exceedingly high incidence of toxic symptoms in- 
duced, including two deaths, leads one to question the statement. Likewise, 
their remarks on sympathectomy, based on their own small series of five cases, are 
of limited value from the standpoint of adequately comprehending the status of 
sympathectomy as a whole. The authors conclude that experimentally induced 
renal hypertension in animals is fundamentally different in genesis from that 
occurring spontaneously in man. The origin of essential hypertension is still 
unknown. 
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